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Fl 'e'd of the Invention 



Description of the Prior Art 

=2SS=t=S 

Maxam-Giibert method and Sannpm , 
~|NA fragment at one end t0 labe( ™ or f 

the DNA specimen can be determined 

Hon ^ r t i h \ PUrp ° Se ° f Carryin 9 the determine- 

described in US Pat*^ a y pny ' tnere are 
,n u.b. Patent Applications No. 664,405 



5 '° r n h a ' biography using a radiosensitive material 

the sti mu ,a bl e Pho^^^^^. 

stn) r" 9 ' th6n 6mitS ^ (stLulated emt" 
s.on) corresponding to the radiation energy stored 
therein upon excitation with an electrnLTV 
wave (stimulating rays, such « 
nfrared rays. According t0 this method, expo U re 
!™ C3n b6 9reatl * short ened and there is no fear 

cled"^ Pr ° b,emS SUCh 33 chemica < CI 
crated w lt h pnor arts. Further, since the autog- 
raph hav.no information on radioactively TabeS 
» radi f o n n CeS ' S St ° red in the P*»Phor sheet as 

em s Sn "T **" read ° Ut as 
em,ss 10 n .n time sequence, information can b P 

product, of radioactive!,, , sbeted noc J c ™ 

-s done by observing the visualized autoradiog raoh 

35 I! e r/ nd SUCh ViSUal anal ^ great 
35 amounts of time and labour. 9 

Further, since the visual analysis of the auto' 

tion is limited to a certain extent 

In order to improve the accuracy of the in- 

* and N. 917 609 aj^^^^ 

m.n.ng the base sequence of DNA by obtainino hi 
audiograph as digital signals andsu£ Z £ ' 

diS :r a ! s to appropriate si9nai p«~X £ 

50 can 1 oM C °; reSP ° ndin9 to the autoradiograph ' 
'adioolf d 6,ther by Visua,i2in 9 the auto- 
S 3 rad, '° 9ra P hic fii - and photome- 
trically reading out the visible image on said film 

ss b Z ec« v 31 rad '°Wy employed'or 

oy directly reading out the stimulate phosohor 

ap e h t V,SUali2ati0n ° f the auSog- 
raph when the radiation image recording and re- 
producing method is employed. 
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solvinnT/' I"" reS °' Ved P3ttem obtai '^ by re- 
soivmg (developing) radioactively labeled ,„h 

nets win t^T ^ diS '° rti - ** 
(he base-specJic ° ^ the Separat,or1 of 

- P~^?™^^ 
sepecific fragments are mixed w h each othJ T 

positions where i aPP6n t0 appear at 

racv foL 2 u nuCleic acids high accu- 



The present invention provides a sL*, 

^me d bf^Mng tt^ ^ * 

DNA fragments or base ^eci fc *na "T*"* 1 * 
labeled with a rarti^ P , f,c RNA fragments 
sional direction on ' * * °"«""en. 

Prises steps of medium ' Which co - 

formsTn"" 9 3t ' eaSt ,W ° one -d^ensiona, wave- 
S ion TndT T," 051 " 00 a,0nQ * e ™^ 

aajacent one-dimensional waveform- 
W repeating the step (3) to thereby search 

in ZT °r dimenSi ° nal Wavef orms for peaks 
n order, when a peak is found in the step (3V 
(5) determ.n.ng that a band exists at a se fes of 



Peak positions in the case of finding peaks on 
Plura, one-dimensiona, waveforms adS To 

Ts: r zi h : steps (3> and «>■ « ^ . 

(6) repeating in order the steos n\ tn /cv . 
■ «.e, a. banas „ n ^L^' 

due tattle a PPeanng on an autoradiograph 
due to the .ncomplete introduction of a radioactivp 

err*: samp,e durino *» ^zitz 

According to the method of the orront in 
.-on on ly , bands ^ ^epr ent v n- 

- =P~~~=s 

peaks are ones for intrinsic bands or noise based 

exist onlhe" " ^ P63kS 

« t^JZZZT in 3 dir6Cti0n Wndicu J 
I e resolv, ng d.rect.on or not. The base « 

S nC hig°h n a U cf C ^ 06 

band, 9 3Cy by C0m P^ing the detected 

S^pST* reS0 ' Ved ^ °" "» >*» °< " 

50 

^I1EI5cripjion_o^^ 



Rg. 1 shows an example of the autoradioaraoh 
5s of an eiectrophoretic pattern which 

first lane " ^ Sh ° Wi ° 9 rasters for the 

Peaks' 3 *!! 3 ? ' a9ram Sh0Win9 the exis tence of 
peaks on the rasters of Fig. 2. 
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peaks on IhV d ? ram Sh ° Win9 the existence ° f 

peaKs on other rasters. 



HI^LOESCRIPTIONO^^ 

Examples of samples employable in the 

present invention include mixtures of base-specific 

fragments of nucleic acids such as DNA and" RNA 

labeled w,th a radioactive element. The term 

^gments" of nucleic acids means portions o a 

long-cham molecule. For instance, a mixture of 
base ifj deavage prQducts ^xture of 

kind of a m,xture of base-specific DNA fragments 
can be obtained by base-specifi ca „y c.ea Ig "e 
rad.oact.vely labeled DNA according to the afore- 
mentioned Maxam-Gilbert method. A mixture of 
base s i fic DNA synthetic products 0^ ob- 
tained by synthesizing from radioactively labeled 
deoxynucleos.de triphosphates and DNA poly- 
mers by use of DNA as . template according to 
the a orement.oned Sanger-Coulson method 

be ^TZ* ° f baSe - s P ecific ™A fragments can 
be also obtained as a mixture of cleavage product 
or a m.xture of synthetic products in the simS 

ou a r nn k^?r h DNA me,h ° dS - ° NA iS COm 
pur kinds of bases: adenine, guanine, thymine and 

•-ytosme as ,ts constitutional units, and RNA is 

compo sed 0 f four kinds of bases; adenine, gua L e 

ill h l Cyt0S ' ne - These su bstances can be 
labeled with a radioactive e.ement such as -P. 4 

~ or 1 b V ar, V °f appropriate methods 
sample, which is a mixture of the base- 
specfic fragments of a nucleic acid labeled with a 
radioat.ve element, can be resolved (developed on 

m eZ° Tly^r 33 3 961 ^ 

um oy any of conventional resolvina 

developing) procedures such as electrophoresis 9 

and IT Ch h r ° mat °9 ra e h * «"«nn chromatography 
and paper chromatography. 

labeird'suh^ 0 ^ 6 *^ ° n WhiCh the ^actively 
labeled substances are resolved, is autoradiograph- 
ed by means of the conventional radiography uSnq 

rec r o dr^'r material " ,he ^^io P n 
sSS? T reproducin 9 methods using 'a 
st.mulable phosphor sheet. The digital signals cor- 

ZZTj t0 ^ « then 9 ob^in°ed 

through an appropriate read-out system 

When the conventional radiography is used 
uchTanV^t 3 - di0 -nsitiv y e matSai 

at a low tl 'V m ^ P ' aCed t09ether in la V^s 
f a low temperature or at room temperature for a 
£n 0 period of time (severa, hours to severaHens of 

raofS n radio °"P^ «m. The radiog 

aphic film .s then developed to visualize the auto- 

n th 9ra l° f ? f i0aCtiv ^ lab ^ -blnces 
°TJ , ■ the visi,a "'^d autoradiograph is 
read out by using an image read-out system For 
-stance, the radiographic fi,m is irradiated w "h an 



optical beam and the beam transmitted thereby or 
reflected therefrom is photoelectrical* detected ' 
whereby the visualized autoradiograph can be 
^ formed to electric signals. Further, the electric 
In h* ^ C ° nVerted int0 digitar signals COr re- 
version" 9 l ° aUt ° radi0 ^ h trough A/D con- 
When the radiation image recording and re- 

and the st.mulable phosphor sheet are placed to- 
gether ,n layers at an ambient temperature for a 
short penod of „ me (severa| seconds • 

Z t0 St ° re radiati ° n & ™W '*«*"9 

from the radioactively labeled substances in the 

coZ Sh l et ' Wh6reby th6 a ^-adiograph is £ 
corded as a kind of a latent image (energy-stored 
■mage) on the phosphor sheet The ,Smu££ 
Phosphor sheet, for instance, has a basic sl^e 
20 1^ 3 SUPP ° rt com P risin 9 a plastic film, a phos- 

as aye ^.T PriSin9 3 S,imu,able Phosphor such 
as a divalent europium activated barium 
fluorobrom,de phosphor (BaFBrrEu 2 *) and a Iran" 
parent protective film are laminated in this order 
,5 sorbinr , 6 Ph ° SPh0r h3S cha -cteristics of ab-' 

ated 9 th St0nn9 rad ' ati0n enerQ y "wa- 
sted with a radiation such as X-rays and subse- 

quen y releasing the stored radiatL energy as 

"rtr 0 " ^ 6XCited With 

30 on ITlr * ■ a y t0radi °9 ra P h stored and recorded 
on the st.mulable phosphor sheet is read out by 
us.ng a read-out system. For instance, the phos- 

the'ad ? " SCamed 3 ^ beam * ^ 
35 ?„„ 6ner9y St ° red in the sti ™ la °<e Phos- 

» Pho as light emission and the emitted light fs 
Photometrically detected, so that the autoradiog! 
raph can be directly obtained as electric signals 
wrthout the visualization thereof. Further, the ^ 
trie signals are converted into digital signals cor- 
- responding to the autoradiograph through'/VD con- 
version. y 

the a T urnr ; , a H b0Ve " d ! SCribed meth0ds for measuring 
the autorad.ograph and obtaining the digital signals 
corresponding thereto are described in more deta 

568 87 f s r HT ti0 o ned U - S - Patent A PP'- a «ons No. 
oba 877 and No. 837 037. 

While the methods for obtaining the digital 
signals corresponding , 0 the autoradiograph using 
the conventional radiography and the radiation im 
trX Z C °l 9 and re P roduci ng method are de- 

Z IT ?!• the Pr6Sent invention is no * "mited 
tterete , and d.gital signals obtained by any other 

me ho° d ^ ^ aPP " ed t0 thS Si9nal P race ^-9 
55 Tl I ? ? 6 ' nVenti0n ' provided that *ey cor- 
55 respond to the autoradiograph. 

In the above read-out procedures, it is not 
a ways necessary to conduct the read-out operation 
of the autoradiograph all over the surface of the 
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radiographic film or the stimulate phosphor 
sheet. Only the image region may be subjected to 
the read-out operation. 

In the- present invention, there may be pre- 
v.ously inputted information on the location of each 
resolved row and the width of band to preset read- 
out conditions and then conducted scanning at a 
scann.ng line density such that each band is tra- 
versed by at least one or at least two of the 
scannmg lines in the read-out operation, so as to 
shorten read-out time and obtain efficiently neces- 
sary information. The digital signals corresponding 
to the autoradiograph in the invention also include 
the thus-obtained digital signals. 

The obtained digital signals comprise a 
coordinate (x,y) which is represented by a coordi- 
nate system fixed to the radiographic film or the 
st.mulable phosphor sheet and a signal level (z) at 
the coordinate. The signal level represents the den- 
sity of image at the coordinate, that is, the amout 
of the radioactively labeled substances. Accord- 
ingly, a series of the digital signals (namely, digital 
•mage date) have information on two-dimensional 
location of the labeled substances. 

The digital signals corresponding to the auto- 
( rad.ograph of the radioactively labeled substances 
resolved on a support medium, is subjected to 
s.gnal processing to determine the base sequence 
of nucleic acid according to the invention described 
m more detail below. 

The signal processing method of the present 
invent.cn will be described by referring to another 
example of the electrophoretic pattern formed with 
a combination of the following four groups of radio- 
actively labeled base-specific DNA fragments: 

(1) guanine (G) - specific DNA fragments, 

(2) adenine (A) - specific DNA fragments, 

(3) thymine (T) - specific DNA fragments 

(4) .cytosine (C) - specific DNA fragments. 
Each group of the base-specific DNA frag- 
ments is composed of base-specific cleavage pro- 
ducts or synthetic products which have various 
lengths and the same base at terminals. 

Rg. 1 shows an autoradiograph of the elec- 
trophoretic pattern obtained by electrophoresing 
he above four groups of the base-specific DNA 
fragments in four slots, respectively. The elec- 
trophoretic direction is in the x-direction. 

In the first place, at least two one-dimensional 
waveforms (rasters) composed of position along 
the electrophoretic row (lane) are prepared on the 
; basis of the digital image data corresponding to the 
autoradiograph. 

When the digital image data are obtained by 
scanning in the electrophoretic direction in such a 
scanning line density that at least two scanning 
lines traverse each band as afore-described the 
raster composed of position (x) and signal level (z) 



can be directly prepared for every scanning line 
When the whole of the autoradiograph is read out 
the similar operation is conducted on the image 
data to extract signals along each lane to prepare 
s rasters. 

The number of rasters per lane varies depend- 
ing on the shape (width) of the slot, the amount of 
the sample and the number of pixels, and is gen- 
erally 5 to 40 from the viewpoint of the accuracy of 
w band detection. For instance, when the width of the 
slot is 5 mm, the space between pixels is 0.2 mm 
and the space between rasters (prepared by pixel 
unit) is also 0.2 mm, the number of rasters per lane 
is 25. 

'5 Fig. 2 partially shows many rasters prepared 

for the first lane. The raster represents a sectional 
view of image density obtained by cutting the first 
lane off at every position in the x-direction. 

In the second place, peaks on all the rasters 
20 are detected. The peak is detected, for instance, 
by finding out a position at which a sign of dif- 
ference in signal level is inverted. 

In Fig. 2, each arrow (-) indicates a peak. 
In the third place, a peak on an arbitrary raster 
25 is chosen and search for a peak is made in a given 
domain centering a position corresponding to the 
chosen peak position on a raster adjoining the 
chosen raster. In the fourth place, the search of 
peak is repeatedly made on the adjoining rasters 
30 .ncluded in the same lane in order, so long as a 
peak is found. 

The domain is usually a domain of Y a ± o mm 
centering the peak position Y a , wherein o is set 
depending on the space between rasters. For in- 
35 stance, when the raster space 0.2 mm, a = 0.4. By 
limiting the domain of the peak search, it is de- 
cided that a band exists only at the positions of 
peaks which are found on plural rasters without 
being so deviated from one another in the elec- 
40 trophoretic direction. The accuracy of the band 
detection can be improved. 

The peak search may be made on every one 
adjoining raster, or simultaneously on two or more 
rasters. For instance, the search can be made 
45 simultaneously on two to five rasters. The simulta- 
neous search on plural rasters is preferred, when 
there is an interruption in peak appearance. 

Fig. 3 is a diagram showing the existence of 
peaks on each raster, wherein the sign X repre- 
50 sents a peak position. 

In the fifth place, determination whether a se- 
ries of the peaks found within a given domain (Y a ± 
o) are a band or not is made on the basis "of 
decision on the continuity of the peaks. 
55 A criterion for the decision on the continuity of 

the peaks varies depending upon the width of the 
band (i.e., the width of the slot), the shape of the 
pattern and the space between the rasters. It is 
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10 



generally determ.ned that a band exists at a series 
o the peak positions, in the case that the peaks 
are continuously found on N raster, ™ m 
wherein N is an integer jn fl ^ or mo* 

s%T m ^ S ' 0t * 5 ™ ^ ^ste 
ation. electrophoresis into consider- 

There is a possibility that a series of peaks ar P 
no cont.nuously found on rasters, when peat a e 
not sharp or signal levels are locallv ETV 
preferred that the determination o^ the band ' 
,nce is also made, in the case that £ £ ^ 

whicT oTeir rjs r istence ° f ras,e " - 

-nterruption in peak appearance occur, T . 

s ■ r ;r d and t the nu ^ ber ^o 

-ade at a series of the peak post's KaldT 
set depending on the raster sp'ace' £ ^ 
are ,n egers in ranges of | s K s 3 and V < L < 3 
when the raster space is 0.2 mm ana 
noa J he determir, a«on that a band does not exist at 
C ab^ " - 
ten- 9 '* 4 '"? 3n0ther dia9ram showing the exis- 

peaks A^and E J * tonnined tha < of the 

other *™ d B p , ! respectively bands and the 

AlUhe A ^ 001 bands but nois e. 

the Z LT ° n S3id faSter and other masters of 
the first lane are subjected to the above-described 
procedures to detert a ii „ aescribed 

offset d.stortion and combining of some bands n 



by heat dissipation effect (so-called edge effect) 

is a oln e,eCtropho — • TH. offset 9 d, s tortion 
'S a phenomenon in which positions of th P t an T 

s ed by difference between the slot, in ,k 
electrophoresis-starting position or time sal,^ 
which is due to the unevenness of the shape S J 
slots, etc. The combining of bands is a phenom 

- Si.: r; 0 ch two or three tands a - coX d 

together to form one broad band and is caused bv 
the insufficient electrophoresis. Usually, the ^ com- 
bined bands tend to be appeared in the UDD T r 

t>on and the combining of bands are desc ibtd in 

20 I I ■ ° 60(1 985 )" 74 900, No. 60(1 985)- 

™ 85275, No. 60(1985)-85276. No. 60(1985)- 11 isi 
and no. 60 ( ,985Hin86 (the JL lll ^ 

Z mTZ^V? U P9tent APP'ioations No 
«4S,187, No. 854,381 and No. 866 355) 

25 r„ m A " u andS are se q u ^ced immediately bv 

noTr r,n ? h e? e,ermined ^ P ° Siti ° ns o£ 
ut^inn I f qUenCe C3n be easi, y determined 
hy ut,l. z , ng the fact that there do not exist twn Z 

sir at the poIS :° d : 

erent lanes, since the combination of the above 

°NA fragment : 

«on on L ; 6 S ' 0tS 0) 10 (4 > have "*«na. 
t'on on the termmal bases of (G), (A ), (T ) and (C) 

respectively, the base sequence of DNA is ob 

tamed by substituting the bands with bases cor" 

ZToT* ST 6 WhiCh the '^viduTbands 
belong to. For instance, the following base se- 
quence of DNA can be obtained. - 



40 



A-G-C-T-A-A-G-.. 



Thus, the base sequence of one chain mol- 
ecule of DNA can be determined. The representa' 

f on DN°A d r b ,he in,ormation ° n the b3Se £££ 

of DNA is by no means limited to the abov«= 

each b 8 an U d ? ' nStanCe ' ,he density ") 0 
each band can be represented as the rela ive 

des'd F ^ radi0aCtlVe ' y ,ab6,ed -bsLct , 

50 rh 3 , en baSe Se ^ en « Of both two 

so chain molecu es of DNA ran ho =ic.~ 

inf«r m ,.- be a,so represented. 

Information on the base sequence of DNA can 
be a, so d(Splayed as an ^ A can 

above processed digial signals. At the same t me 
the ongmal autoradiograph can be displayed « a 

^nTi!. th ' S CaSe ' ^^^-them'se^; 
can finally determine the DNA sequence on the 

basis of the display image. 

In the above-mentioned example, there has 
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no means HmTc to ' 1. Pr6Sent inV6ntion ls by 
combinations^, be TefT'^ ^ ^ 
bination of (G G + a T + r n?' ,nstance ' a com- 
•her. (he method *t «. may be used - Fur - 

app„ ed t0 The mixtu ° r l * e .' nvention can be a , so 

* * a, u, o r^^;^- ■ combination 

detection of bands ><; „„? r A fra 9 me r>ts. The 
of one combing of ba J™'™ * feS °' Ved ™s 
"-oleic aci d . bu can hagments ° f « 

so-ved rows 3« m ^e<S. y ,n ^ l 5 d * e Wh °' e - 

medium. y reso,v ed on a support 

't is possible to oerfnrm fh« 
-formation proce,,^^ 88 ^ 0 ph "°'°9-i 
tween the obtained base Zl comparison be- 
the base sequence Tzn^T 6 ° f the DNA and 
a'ready r^^^ 0 ^.^ "a, been 

^e information"! 5 ^^ meanS " 
determined throuoh thl 7, sequence of DNA 
Processing ££t ^r* 8 **** Si 9 na ' 
circuit and subsequent .? * Signa ' Posing 
device directs ?5Z£TSZZ * ^ 
means such as a ma '. st °rage in a storing 
^ as a magnetic dfsk or a magnet .9 

Various recording devices h a c=n 
systems can be empFoyed or th h ° n Vari ° US 
Purpose, for instance a h! , above-described 

«% oy scanning a phctsensr V,SUa ' i2, ' n9 0P "- 
laser beam, etc a d 2 " Ve material wi * 
electricaiiy on CRT *T*a mems f ° r * isua '-ng 
radiation image disp,ayed' on CRrV" Pr '' ntin9 3 
"dec printer, and a m eans £ • * ° f a 
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Claims 

1 ' -^t:^ -ermi-g 

a resolved > "hich *" / uto ™W» <* 

ing a mixture of L ' S f ° rm6d by resolv " 
« ^S f f Sr; 8pec ' flc DNA f -9-ents 
radioactive elem^ ' abe ' ed with a 

tiononas^rmed^ *~ 



3) choosing one peak on one 0 f the on P 
step (3)- Peak ls found in the 

raw. bands on *• '«°'wd 

* ^.TLSSTS, """"*' as Ma,mea * 



1 guanme-speciffc DNA fragments; 
adenme-specific DNA fragments; 

4 rvrr;^ ° NA and 
(4) cytos.ne-spec.fic DNA fragments; 

solved rs S tmed Pa b ern C ° nSiStS ° f f °- - 
four groups o the h" reS °' Vin9 *«* ° f said 



which comprises steps of: 



'solving dirS„ a„ rt WS '" 0 " a '°" Q 



^o Se „ s a J e „°l,7 s raaol ™f ™*« 0" ». 
aph v,sual. Z ed on sa.d radiosensitive materia. 



50 
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FIG. 1 

{,) <2) (3) (4) 
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FIG. 2 
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FIG. 3 




FIG. 4 
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